Two-dimensional echocardiograms and angiocardiograms were obtained in six infants and children, each with complete transposition of the great arteries, a ventricular septal defect and subvalvular pulmonary stenosis. In each case, the subpulmonary stenosis resulted from redundant tricuspid valve tissue which protruded through the ventricular septal defect and into the left ventricular outflow tract. Angio-echocardiographic correlations demonstrated features that allowed preoperative recognition of this unusual type of subpulmonary stenosis. The left ventricular angiogram in an anteroposterior orientation revealed a characteristic filling defect in the outflow tract during systole in each patient.
tract and of the tricuspid valve demonstrated subpulmonary stenosis caused by protruding redundant tricuspid valve tissue (resembling a "pouch") in all six patients. These findings were contrasted with those from three patients with normally related great arteries and a similar, but nonobstructive, tricuspid valve pouch.
Echocardiographic and angiocardiographic examination and correlation allowed preoperative diagnosis of this unusual form of subpulmonary stenosis in complete transposition of the great arteries. This is especially important because limited left ventricular intraoperative exploration may fail to reveal subpulmonary obstruction as the pouch may be flaccid in a relaxed arrested heart. tion of the mitral valve (2) . With this background, any additional narrowing of the left ventricular outflow tract in patients with transposition can result in serious obstruction to pulmonary blood flow.
Patients with complete transposition of the great arteries and a ventricular septal defect may have various forms of subpulmonary stenosis (3, 4) . This obstruction may result from posterior displacement of the crista supraventricularis, from an aneurysm of the membranous ventricular septum (5, 6) or from anomalous attachments of the mitral valve into the left ventricular outflow tract (3) . Previous reports (7) (8) (9) (10) (11) have described left ventricular outflow tract obstruction by a "pouch" of tricuspid valve tissue protruding through a ventricular septal defect. We present our experience with this unusual form of left ventricular outflow tract obstruction in six patients with complete transposition and ventricular septal defect, as well as observations on similar but nonobstructive tricuspid valve pouches in three patients with normally related great arteries. The two-dimensional echocardiographic and angiocardiographic features of this entity 0735-1097/83/020484-8$03 00 are distinctive and can allow reliable preoperative morphologic diagnosis.
Methods
All nine patients (Table I) had echocardiographic examinations with an Advanced Technology Laboratory (ATL) two-dimensional sector scanner with either a 5.0 or a 3.0 MHz transducer. Most of the images were obtained III standard echocardiographic planes (12) . Minor angular or positional variations from standard imaging positions are elaborated under Results. In order to correlate the echocardiographic images with accompanying angiocardiograms, the echocardiograms were rotated or inverted, or both, to conform with the usual angiocardiographic display format.
All patients had cardiac catheterization and angiography. Five of nine patients (Patients I through 4 and 7) underwent open heart surgery and a tricuspid valve pouch protruding through a ventricular septal defect was documented. Two surgically treated patients died (Patients 3 and 8) and postmortem examination confirmed the preoperative and operative diagnoses. Two patients underwent pal- 
Results
Echocardiographic findings (Table 1) . Systolic narrowing of the left ventricular outflow tract was best appreciated in long axis views of the left ventricle. These images could be obtained from a parasternal, apical or subcostal Fig. I to 4) . Rotation of the transducer toward a four chamber orientation, particularly from the subcostal approach, allowed identification of the redundant tissue in the left ventricular outflow tract as tricuspid valve tissue (Fig. I) . This tricuspid valve pouch had an echolucent center and a very irregular border with multiple lobular projections.
Angiographic findings. In each of the six patients with complete transposition, there was a subpulmonary pressure gradient ranging from 38 to 100 torr. The left ventricular angiogram confirmed the narrowing of the left ventricular outflow tract. This narrowing was revealed in either an anteroposterior or lateral projection as a relatively radiolucent structure arising from the interventricular septum. In the anteroposterior projection, the narrowed outflow tract resembled that of patients with an endocardial cushion defect (a pseudo-gooseneck sign) with a left ventricular outflow tract narrowed by redundant tricuspid valve tissue protruding through the ventricular septal defect. The narrowing was more pronounced during systole than during diastole (Fig.   2 ). In two of the six patients, the ventricular septal defect was completely occluded by tricuspid valve tissue (Fig. 3) . The remaining four patients had partial occlusion of their ventricular septal defect. In a four chamber orientation, multiple "cauliflower-like" tissue projections extended across the ventricular septal defect into the left ventricle during systole (Fig. I) .
Diagnostic problems occurred at the first cardiac catheterization (neonatal) in Patients I, 2, 3 and 5. The exact nature of the subpulmonary stenosis was not appreciated, because the ventricular pressures were equal as a result of high neonatal pulmonary vascular resistance and thus the herniation of the tricuspid pouch into the left ventricular outflow tract was minimal. Diagnostic features of a tricuspid valve pouch were apparent, though subtle, at the first cardiac catheterization and were clearly evident at the subsequent study.
Discussion
Redundant tricuspid or mitral valve tissue has been described as a cause of ventricular outflow obstruction, par- ticularly in necropsy series (7) (8) (9) (10) (11) . This tissue can cause subpulmonary obstruction in patients with complete transposition, double outlet right ventricle (13) or congenitally corrected transposition of the great arteries (9) and in patients with normally oriented great arteries (13) .
The angiographic abnormalities are often subtle and are frequently appreciated only in retrospective reexamination.
In one report (7), a filling defect in the left ventricular outflow tract of two infants with complete transposition was noted, but the anatomic and physiologic significance of this abnormality was not fully anticipated. Both patients had initial improvement after balloon atrial septostomy with subsequent clinical deterioration. Presumably, the decreasing pulmonary vascular resistance and left ventricular pressure led to progressive protrusion of tricuspid valve tissue into the left ventricular outflow tract and increasing obstruction. At autopsy, each specimen showed redundant tricuspid valve tissue arising from the septal leaflet and protruding through the ventricular septal defect into the left ventricular outflow tract, thereby causing severe obstruction. We can confirm this diagnostic problem in neonates, because the protrusion of the tricuspid pouch toward the left ventricle depends on the decreasing pulmonary vascular resistance and the findings were initially subtle in four of six neonates.
These lesions may also present additional angiographic and intraoperative difficulties in recognition. When there is functional closure of even a large ventricular septal defect by the anomalous tricuspid valve tissue, angiography may suggest the diagnosis of an intact ventricular septum with discrete left ventricular outflow tract stenosis. Surgical resection of any protruding portion of this tissue, approached from the pulmonary artery, could both unmask the ventricular septal defect and create tricuspid insufficiency. Furthermore, surgical approach from the pulmonary artery during cardiac arrest may, without extensive examination, fail to reveal the presence of the obstructive tricuspid pouch because its protrusion into the left ventricular outflow tract depends on the systolic pressure generated by the systemic right ventricle.
Echocardiographic diagnosis. M-mode echocardiography has proved quite useful in evaluation of the left ventricular outflow tract in patients with complete transposition (2) . The dynamic form of obstruction frequently encountered in patients with an intact ventricular septum can be readily discriminated from the anatomically fixed obstruction of the discrete or long segmental type. The Mmode echocardiographic appearance of subpulmonary stenosis resulting from an aneurysm of the membranous ventricular septum in complete transposition has been described (6), as has the two-dimensional echocardiographic appearance of an aneurysm of the ventricular septum in patients with normally oriented great arteries (14) . We believe that our series is the first two-dimensional echocardiographic series of patients with complete transposition and left ventricular outflow tract stenosis from a tricuspid valve pouch.
The echocardio graphic image ofa "pouch" ofredundant tricuspid valve tissue extending into, and narrowing, the left ventricular outflow tract during systole is best appreciated in long axis views of the left ventricle from a parasternal, apical or subcostal approach (15) . The identification of this pouch as accessory tricuspid valve tissue could be achieved by rotation of the transducer toward a four chamber orientation from the apex or subcostal long axis view. The tricuspid valve septal leaflet was clearly continuous with the redundant tissue protruding across the ventricular septal defect into the left ventricular outflow tract. This pouch had an irregular border with a cauliflower-like appearance and an echolucent center.
Differentiation from aneurysm of membranous ventricular septum. Although previous reports have described similar subpulmonary obstruction from an aneurysm of the membranous ventricular septum (5,6), each of our patients had a tricuspid valve pouch. This morphologic diagnosis was confirmed at autopsy in two patients and in four patients at the time of surgical repair. We have not encountered any patients with an obstructive aneurysm of the membranous ventricular septum and complete transposition; we consider that the more common mechanism of obstruction is from redundant tricuspid valve tissue. Echocardiographic images demonstrated anatomic continuity between the tricuspid valve and the obstructive tissue in the left ventricular outflow tract in all of our patients with complete transposition. In our experience, the echocardiographic configuration of a tri-LV cuspid valve pouch differs from that of an aneurys m of the membranou s septum; a tricuspid valve pouch consists of multiple lobul ar projections with a cauliflower-like appe arance , while a membranous aneurys m consists of one projection with a saccular or tunnel-like appearance (14) .
Relation to relative ventr icula r pressures. dias to le; hence there was no subaortic systolic pressure gradient. Patient 8 with pulm onary atresia (Fig. 6 ) had a functionally small ventricular septal defect and suprasys temic right ventricular pre ssure with a large pouch in the left ventricular outflow tract dur ing both diastole and systole. Because this latter patient had a dilated left ventricle and did not have a co mpromised left ventricular outflow tract , as co mmonly seen in complete transposition , the tricuspid pouch produ ced no peak systolic pressure difference between the left ventricle and aorta . Patient 9 (Fig. 7) had a ventricul ar septal defe ct functionally occluded by a large tricuspid pouch .
Surgical implications. In patient s with complete tran sposition and left ventricular outflow tract stenosis, corre- lation of angiocardiographic and echocardiographic investigations can reliably demonstrate a tricuspid valve pouch extending into the left ventricular outflow tract. Preoperative recognition of this unusual form of systolic narrowing of the left ventricular outflow tract alerts the surgeon to possible additional problems (16) . The obstructive nature of the tricuspid valve pouch may not be readily manifest during cardiac arrest, and extensive surgical resection of such obstructive tissue might lead to severe atrioventricular valve insufficiency in a patient with complete transposition, par- ticularly when the right ventricle would serve as the systemic ventricle. We suggest exposure of the ventricular septal defect from the right atrium, eversion of the redundant tricuspid valve tissue into the right ventricle, followed by patch closure of the septal defect and an atrial baffle procedure. In some cases, a severe underlying anatomic subpulmonary narrowing (for example, fibromuscular obstruction) that was only further aggravated by the tricuspid pouch may necessitate additional surgical resection of the anatomic narrowing; if the narrowing is unrelieved, establishment of a left ventricle to pulmonary artery conduit to ablate the pressure gradient followed by patch closure of the septal defect and an atrial baffle procedure may be necessary.
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